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In the course of an investigation of possible methods of synthesis of didesyl
ether (I) the reaction of benzoin with phenylbenzoyldiazomethane in the pres-
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ence of boron trifluoride etherate was examined. This method had been de-
veloped by Newman and Beal (1) for the synthesis of other a-alkoxy ketones.
The product (II), m.p. 191°, was found to have the correct analysis and molec-
ular weight for the expected keto ether (I). The infrared absorption spectrum
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(Fig. 1) of II, however, either in a Nujol mull or in carbon disulfide, failed to
show the presence of a carbonyl group. Furthermore, the ultraviolet spectrum
(Fig. 2) was that to be expected of a molecule containing only unconjugated
phenyls and indicated specifically that the functional group, CéH;C=0 was
absent (2).

Compound IT was stable toward refluxing ethanolic potassium hydroxide and
the spectral evidence for the absence of a carbonyl function was confirmed by
the fact that attempts to convert it to an oxime in basic solution led only to the
recovery of starting material.

On the other hand, IT reacted readily with dilute ethanolic hydrochloric acid
to give approximately two moles of benzoin per mole of IT employed. Further-
more, it reacted with 2,4-dinitrophenylhydrazine hydrochloride to give approxi-
mately two moles of benzil 2,4-dinitrophenylosazone.
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' Taken from a thesis submitted by William R. Proops to Columbia University in par-
tial fulfillment of the requirements for the Ph. D. degree.
2 Department of Chemistry, University of Illinois.
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F1a. 1. INFRARED ABSORPTION SPECTRA. Curve A, Compound II (C,sH:0;) in CS,.
Curve B, Didesyl ether in Nujol.

The presence of a functional group which, although not a carbonyl or hydroxyl
group, is readily hydrolyzed to such groups in the presence of dilute acid and is
stable to base suggests an acetal or ketal. The ready formation of two moles of
benzoin from one mole of IT suggests strongly that II consists of two identical
fragments (A) attached to each other through three oxygens. The three possible
structures which meet these requirements are shown below.
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Although it has not been possible to devise a rigorous chemical method for
eliminating structures (C) and (D), strong evidence against them and support
for (B) can be advanced.

The hydrolysis of IT to benzoin on mild treatment with ethanolic hydrochloric
acid appears to exclude structure {C) since a substarce with this structure should
give didesy! ether (I) which, as will be shown later, can be hydrolyzed to benzoin
only under considerably more rigorous conditions and in much poorer yield.

An excellent model (IIT) for structure (D) has been prepared by Stevens,
Weiner, and Freeman (3) and shown to react with 0.5 M sodium methoxide in
methanol at room temperature, and, further, to be rearranged to benzoin methyl
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Fie. 2. ULtravioLET ABsorPTION SPECTRUM. Compound II (C;sHz0;) in 95% ethyl
alcohol.

ether by treatment with magnesium bromide in ether. It seems quite improbable,
therefore, that IT would show the observed stability toward boiling ethanolic
potassium hydroxide and toward boron trifluoride (to which it was exposed
during its formation) if it possessed structure (D).
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Compound II is, therefore, in all probability, 2,5-oxido-2,3,5,6-tetraphenyl-
dioxane (B).

It may be noted that the formation of a substance with this structure is readily
explained by the path below.
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Madelung and Oberwegner (4) have previously reported the synthesis of two
substances (m.p. 154° and 198°) which were considered to be the two possible
racemic 2,5-oxido-2,3,5,6-tetraphenyldioxanes. Although their isomer, m.p.
198°, might be suspected of being identical with IT (m.p. 191°) it was reported to
show different chemical behavior. For example, either the isomer m.p. 198° or
that m.p. 154° on treatment with potassium hydroxide in ethanol was converted
to benzilic acid and benzoin whereas II did not react. It appears that the struc-
tures of the two isomers of Madelung and Oberwegner require further investiga-
tion.

When the reaction of benzoin with phenylbenzoyldiazomethane was carried
out without added boron trifluoride, the only product obtained was benzoin
diphenylacetate probably arising from the reaction of benzoin with diphenyl-
ketene initially formed.

It had been reported by Madelung and Oberwegner (4) that benzoin reacts
with perchloric acid and sulfuric acid in chloroform to give one of the diastereo-
isomeric racemates of (I). The evidence for the structure of I was that it formed
a dioxime and reacted with ethanolic potassium hydroxide to give desoxybenzoin
and benzil, although no yields or other details were given for the latter reaction.
Because of the unorthodox synthesis of I and the lack of detail concerning its
cleavage, it was desired to repeat its synthesis and to study its behavior toward
base. The procedure of Madelung and Oberwegner was repeated and found to
give I in 20 % yield. The structure which had been assigned was confirmed by
the infrared spectrum which showed a strong carbonyl band at 1685 cm™!. When
I was allowed to react with hydrochloric acid in ethanol under reflux, benzoin
(25 % yield) and benzil (47 %) were the only products obtained. Madelung and
Oberwegner had reported without experimental detail that I was cleaved to
benzil and desoxybenzoin by dilute acid. Compound I reacted very readily with
base. Even aqueous sodium carbonate converted it to benzil (54 %) and desoxy-
benzoin (65%). Madelung and Oberwegner had reported a similar cleavage
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with potassium hydroxide in ethanol for 24 hours (concentration unspecified).
None of the carbinol to be expected from an oxygen-to-carbon rearrangement
was observed. Desyl trity! ether has been found previously to undergo a similar
cleavage (5). In the present case the possibility that I initially rearranged to
a-desylbenzoin which then underwent a reverse aldol reaction to give the cleavage
products observed is not excluded. Hauser and Kantor (6) however, were able
to show that dibenzyl ether undergoes an analogous rearrangement with po-
tassium amide to benzylphenylcarbinol and elimination to benzaldehyde and
toluene and that neither pair of products is intermediate in the formation of
the other.

EXPERIMENTALS

Reaction of phenylbenzoyldiazomethane with benzoin. Formation of II. To a solution of
16 g. (0.075 mole) of benzoin and 8.0 g. (0.036 mole) of phenylbenzoyldiazomethane (7),
m.p. 77-79°, in 320 ml. of dry benzene was added 0.8 g. of boron trifluoride etherate. After
30 minutes at 32°, 909 of the theoretical amount of nitrogen had been evolved and the
color of the solution had changed from red to yellow. The reaction mixture was decom-
posed with 200 ml. of 109, sodium carbonate solution, 200 ml. more of benzene was added,
and the benzene solution was washed with 200 ml. of 109 sodium carbonate, dried over
magnesium sulfate, and evaporated to a volume of 50 ml. Benzoin (12 g., 0.057 mole), m.p.
127-129°, which had erystallized was removed by filtration. The filtrate was evaporated
further under 15 mm. pressure on a steam-bath and 30 ml. of methanol was added. Crystals
of II were filtered, washed with 10 ml. of hot ethanol, and reerystallized twice from 1:5
benzene-hexane to give 1.3 g. (0.0032 mole or 179, based on unrecovered benzoin) m.p.
189-190°. Further recrystallization raised the m.p. to 190-191°. The molecular weight was
determined in camphor.

Anal. Cale'd for C.sH20;: C, 82.7; H, 5.5; M.W., 406.

Found: C, 83.0; H, 5.6; M.W. 426, 433.

The infrared absorption spectrum of a 10% solution of II in carbon disulfide is given in
Fig. 1, Curve A. The ultraviolet spectrum showed maxima at 212 mu and 257 mu with ex-
tinction coefficients of 28,000 and 810, respectively. These maxima agree well with the spec-
trum to be expected of a molecule containing four unconjugated benzene rings since benzene
has maxima at 200 mu and 255 mu with extinetion coefficients of 4,470 and 220, respec-
tively (2).

Reaction of 11 with hydrochloric acid. A suspension of 0.25 g. (0.00062 mole) of ITin 25 ml.
of ethanol containing 0.5 ml. of concentrated hydrochloric acid was heated under reflux
for 15 minutes after which time the II had dissolved. The solution was then poured into
175 ml. of water, cooled, and filtered to give 0.22 g. (0.0010 mole, 84%) of benzoin, m.p.
130-132°. Mixture m.p.’s with authentic benzoin gave no depression.

Reaction of 11 with 2,4-dinitrophenylhydrazine. 11 (0.25 g., 0.00062 mole) was heated
under reflux for 12 hours with 1.0 g. (0.0050 mole) of 2,4-dinitrophenylhydrazine in 35 ml.
of ethanol containing 2 ml. of concentrated hydrochloric acid. The benzil 2,4-dinitrophenyl-
osazone (0.64 g., 0.0011 mole, 92%) was collected; m.p. 317-318°. A mixture m.p. showed
no depression.

Treatment of I1 with hydrozylamine and with potassium hydrozide. When 0.30 g. of II was

* All melting points are corrected. Microanalyses were carried out by the Schwarzkopf
Microanalytical Laboratory, Elmhurst, Long Island; and by Miss E. Davis at the Uni-
versity of Illinois. Infrared spectra were measured by Miss H. Miklas and Mrs. R, F. Hill
with a Perkin-Elmer double beam spectrophotometer, Model 21, with NaCl cells. Ulira-
violet spectra were determined by Mr. H. Birch and Miss E. Richards using a Cary record-
ing spectrophotometer, Model 11, with a l-cm. quartz cell.
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heated under reflux with 0.3 g. of hydroxylamine hydrochloride and 1.2 g. of potassium
hydroxide in 7 ml. of ethanol for 1 day and the reaction mixture was poured into 75 ml.
of water, 0.28 g. (93%) of starting material, m.p. and mixture m.p. with authentic II,
189-190°, was recovered.

When II (0.50 g.) was treated under reflux for 1 day with 75 ml. of ethanol saturated
with potassium hydroxide, 94%, of the starting material was recovered as shown by m.p.
and mixture m.p., 187-189°,

Uncatalyzed reaction of benzoin and phenylbenzoyldiazomethane, Benzoin diphenylacetate.
A solution of 6.0 g. (0.028 mole) of benzoin and 3.0 g. (0.014 mole) of phenylbenzoyldiazo-
methane in 100 ml. of dry benzene was refluxed for four hours. Nitrogen evolution began
almost immediately and the color of the solution changed from red to light yellow. The
benzene was removed under reduced pressure on a steam-bath and the residue was washed
four times with 25-ml. portions of hot ethanol. The remaining solid was erystallized from
benzene-hexane to give 4.2 g. (0.010 mole, 71%) of benzoic diphenylacetate, m.p. 156.5~
157.5°, reported 155° (4). An infrared spectrum in Nujol showed the ester carbonyl at 1742
cm.”? and the ketonic at 1685 cm.™,

Didesyl ether (1) was prepared in a yield of 18% according to the procedure of Madelung
and Oberwegner (4). The infrared spectrum is shown in Curve B of Fig. 1.

When 1.00 g. of I was heated under reflux for 14 hours with 25 ml. of ethanol containing
7 ml. of concentrated hydrochlorie acid, 0.25 g. (25%) of benzoin, m.p. 126-129°, and 0.04 g.
(4%) of benzil were isolated by pouring the solution into 100 ml. of water and extraction
with ether.

Reaction of didesyl ether (1) with aqueous sodium carbonate. A suspension of 1.00 g. (0.00246
mole) of I was refluxed with stirring for 36 hours with 100 ml. of 10%, sodium carbonate.
The suspended yellow oil was extracted with ether. Removal of the ether and crystalliza-
tion of the residue from methanol gave 0.28 g. (0.00013 mole, 549, yield) of benzil, m.p.
90-92°. A mixture m.p. with authentic benzil showed no depression. Evaporation of the
filtrate and chromatography of the residue on alumina gave 0.31 g. (0.0016 mole, 64%
vield) of desoxybenzoin, m.p. and mixture m.p. 51-53°,

SUMMARY

Phenylbenzoyldiazomethane has been found to react with benzoin in the
presence of boron trifluoride to give a substance which available evidence indi-
cates is one of the two possible racemic 2,5-oxido-2,3,5, 6-tetraphenyldioxanes.
When the reaction is carried out in the absence of boron trifluoride the product
is benzoin diphenylacetate.

The Madelung and Oberwegner synthesis of didesyl ether from benzoin and
perchloric and sulfurie acids has been repeated. Didesyl ether reacts even with
aqueous sodium carbonate to give benzil and desoxybenzoin.

UrBana, Inrivors
New York, 27, N. Y.
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